In 1987, more than 100 individuals became ill after consuming cultured mussels (Mytilus edulis) harvested off the Canadian Province of Prince Edward Island (1,2). The mussels were contaminated with the potent neuroexcitatory amino acid domoic acid (domoate), a toxin not previously observed in shellfish (1, 3) . Produced by a diatom (pseudo-Nitzschia multiseries), domoic acid acted as an acute toxicant to cause illness and subsequent death in three elderly individuals and to cause permanent short-term memory loss in several survivors of the 1987 incident (4, 5) . Vomiting, abdominal cramps, and diarrhea were observed within the first 24 hr of exposure (1, 5) . After 2 days, the more severely affected individuals showed confusion, disorientation, and other neurological effects.
On the West Coast of the United States, domoic acid has recently been found in razor clams (Siliqua patula) and dungeness crabs (Cancer magister) (6, 27) . Clams are consumed in substantial quantity when recreational harvesting is permissible. Of all clam body parts, the foot (digger) contains the highest levels of domoic acid and is considered a delicacy by some individuals (6) . Individuals who regularly harvest clams recreationally constitute the population of greatest concern because they usually eat the harvested clams.
Crab viscera (entrails) contain nearly all of the toxicants found in crabs, with the hepatopancreas (crab butter or mustard) having the greatest proportion (6, 7) .
Cooking practices impact exposure to domoic acid because cooking crabs in boiling water lowers total toxicant content by reducing viscera concentrations significantly (8) . As a result, individual exposure is highest when crabs are prepared using a method other than boiling (e.g., steaming or frying) and when viscera are consumed with the meat. One must determine consumption rates of crab and crab viscera (including the hepatopancreas) to determine if populations are at risk from domoic acid toxicity. Along with recreational clam harvesters, individuals of ethnic Chinese descent are considered to be a highly exposed population because many of them consume whole crabs. Approximately 34,000 individuals of direct Chinese ancestry live in the state of Washington, with nearly 26,000 residing in the greater Seattle area (9) .
To protect these and other populations, crabs and clams obtained for consumption must have domoic acid concentrations that will not cause adverse effects. The goal of this study is to determine such concentrations of domoic acid. This paper addresses the public health implications of exposure to domoic acid in crabs and clams by 1) acquiring data on the amount of clam or crab viscera consumed (along with other information pertaining to crab and clam consumption) from two separate and distinct consumption pattern surveys conducted in Washington State; 2) deriving a tolerable daily intake (TDI) for individuals most sensitive to the effects of domoate using available toxicity data; and 3) equating the consumption data results with the TDI to determine tolerable clam and crab domoic acid levels that would protect public health by not producing the deleterious effects associated with domoic acid toxicity in individuals consuming these seafoods.
Methods

Consumption Surveys
Separate and distinct consumption pattern surveys were conducted during 1993 A TDI was developed for this study based on a review of epidemiological and toxicological literature. Special attention was given to studies that identified effects at low level exposures, i.e., studies that provided information on sensitive toxic endpoints. The following is a brief overview of several studies that guided the selection of a TDI. This section also represents a portion of the domoate review conducted for this study.
Human data. In the 1987 outbreak connected with contaminated mussels, one case (that showed effects) was documented for every 500 exposed individuals who did not show effects. Of the 107 that met the case definition for mussel-associated intoxication, nearly half were between 40 and 59 years of age, with 36% being 60 years of age or older (5) . Younger individuals were more likely to have diarrhea, whereas men and older adults were more likely to have memory loss and require hospitalization (5) . In explaining the sex difference, Perl et al. (5) suggested that only the most severely affected men consulted physicians or contacted health departments. Also of note was that all severely ill individuals less than 65 years old had preexisting illnesses, with poor renal function being the common predisposing factor. Poor renal function may also explain the differences between younger individuals and older adults, since renal function can decrease with age, thereby increasing the half-life of domoic acid in the body.
Truelove and Iverson (10) exposed cynomolgus monkeys (Macaca fascicularis) to domoic acid (intravenous; iv); within 6 hr all primates had eliminated half of the original dose via urine. Similar pharmacokinetic results have been reported by Scallet et al. (11) . If this half-life is similar to that of humans, repeat exposure (i.e., day to day) should not produce any increase in body burden. In older adults and individuals (both young persons and older adults) with a compromised renal function due to illness, the half-life of domoic acid could increase sufficiently so that repeated exposure over 12 or 24 hr may be significant.
With respect to older adults, longitudinal studies have shown that the rate of glomerular filtration, estimated by deterEnvironmental Health Perspectives * Volume 104, Number 11, November 1996
Articles a Marien mining clearance of inulin, urea, or creatinine, declines with age after maturity (12) (13) (14) (15) Domoic acid exposure levels for those consuming mussels during the 1987 outbreak were not generally known. However, for 10 older adults, 9 of whom were described as cases, it was possible to determine mussel consumption along with actual domoic acid levels in remaining mussels not consumed (5 (21) . Cynomolgus monkeys exposed to domoic acid (about 0.5 mg/kg iv) showed damage to mossy fiber terminals of the hippocampal region (CA2), which contains the greatest kainic acid receptor concentration in the brain (17) . Kainic acid receptors are involved with glutamate transmission, and domoic acid, a potent agonist of this receptor, has a greater affinity for the receptor than does kainic acid (22) (23) (24) (25) . Binding of domoic acid to the receptors is thought to be a critical step in domoic acid-induced neurotoxicity (17, 22, 23) . The monkeys also showed damage to the pyramidal neurons and axon terminals in the subfields CAl, CA2, CA3, and CA4 and in presubicular regions of the hippocampus at somewhat higher doses (about 1 mg/kg iv). An approximately fourfold greater sensitivity to domoate-induced neurotoxicity was observed in adult animals as compared to juveniles. These results are in agreement with previous work indicating that mussel extract and purified domoate damaged the CAI, CA3, and CA4 subfields of the hippocampus (17, 26, 27 (30, 31) . Other excitotoxins, however, may also be involved in producing these neurotoxic effects. Rodent studies compared extracts of contaminated mussels (containing domoate) with pure domoic acid and with extracts of noncontaminated mussels spiked with domoate (25) . Results Of respondents answering the question "when did you last catch clams?" (n = 131), nearly 80% had been digging for clams within the last week, and almost half of those within the last 1 or 2 days. More than two-thirds of those interviewed had harvested the limit of 15 clams the last time they had been digging. Many of these clams may have been frozen for later consumption and/or given to family and friends; only 37% of those responding (n = 120) indicated that they ate clams once or twice a week, and 60% indicated that they ate clams less than once a week. Only 3% indicated that they ate clams more than twice a week. When asked if clams were ever eaten 2 days in a row, 44% indicated that they did so on occasion.
When clams are consumed, sizable portions are eaten at one sitting. Of 125 individuals, nearly 75% ate from three to six clams during a meal ( All respondents reported eating crab meat; however, few individuals consumed gills or stomachs (Table 3) . After pooling data from all samples, including restaurants, more than half of the respondents indicated that they consumed the hepatopancreas (55%). We were unable to pool samples on consumption of remaining viscera; however, the range of persons consuming this portion of the crab was 30-73%.
Restaurants served much less crab per individual than did groups consisting of individual responses (p<0.05) ( Table 4) . Pooled samples (excluding restaurant data) indicated that, on average, 1.04 crabs were consumed per individual per serving. 
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(54%) (24%) (22%) Articles -Marien Nearly half of the individuals (47%) in the pooled samples consumed one crab per serving. When divided by the amount consumed (pooled samples only), 30% of respondents consumed half a crab or less, 52% consumed from 0.6 crab to 1.0 crab, and only 18% consumed more than one crab per serving.
Respondents to the cook/waitperson/ owner surveys indicated that they prepared meals in a similar manner at home as at the restaurant. Crab was not used in salads at home, and entrees were the only meal items prepared with crab by the restaurants, with the exception of one restaurant. Since the crab is live until ordered in all restaurants surveyed, it is not surprising that crab is used for entrees only. Results of meal preparation methods showed that boiling crabs was not a popular method of preparation (Table 5 ). Based on pooled samples, the percentage of persons steaming crabs was approximately 80%. The range of respondents frying crabs ranged from 32 to 100% (the samples could not be pooled (ppm) . A variable pertaining to the loss of domoic acid due to cooking was not included because frying, which is the predominant method of cooking, would not significantly reduce domoic acid exposure. A consumption level of 270 g (six clams) was used, which represents the 84th consumption percentile (i.e., six clams or fewer are eaten by 84% of individuals sampled).
Tolerable crab domoic acid level. As with clams, a tolerable crab domoic acid level can be determined using crab consumption levels. The consumption rate chosen is one crab per individual per serving, which represents the 82nd consumption percentile. Consumed portions of crab consist of meat, hepatopancreas, and remaining viscera. Remaining viscera are included because data indicate that they are eaten by the surveyed population. As aresult, the tolerable crab domoic acid level is based on consumption of hepatopancreas and remaining viscera, but not meat because meat contains little domoic acid. From measurements of crabs taken near British Columbia in 1992, average weight for the combined hepatopancreas and remaining crab viscera portions is approximately 114.0 ± 26.4 g (R. Chiang, personal communication). The second deviation from the mean (95th percentile) is used to represent the combined weight portion of crab because there is much variation in weight within the species. Furthermore, high crab viscera weight totals must be included to properly protect public health because a single exposure can produce deleterious effects. The 95th percentile of combined crab weight portion (166.8 g) is used with the consumption rate (one crab/individual) and the remaining parameters in the above equation to obtain a tolerable domoic acid level in the hepatopancreas and the remaining viscera of dungeness crab equal to 31.5 ppm. A variable pertaining to the loss of domoic acid from cooking is not included because this population prepares crab primarily by steaming and frying, which does not significantly reduce crab domoic acid content.
For all processed (precooked in water or eviscerated) crabs, the meat (leg and body) is not of concern because it retains only about 5 and 10% (respectively) of the original visceral domoic acid content (8) .
Of the domoic acid originally in the viscera, 67-71% dissipated with cooking in water. As a result, whole cooked crab will contain less than half of the domoic acid present in a crab eaten by this study's population of concern.
Processed crabs are cooked shortly after harvest, whereas crabs sold live can be kept between 48 hr and 2 weeks after harvest before being consumed (R. Goche, personal communication). During this time period, the crab is starved, resulting in the hepatopancreas diminishing in size and domoic acid concentrations decreasing U. 
